The association between nonalcoholic fatty liver disease (NAFLD) and sarcopenia has been suggested. We investigated the association between sarcopenia and NAFLD independent of visceral adiposity and searched for the clinical characteristics that affect this association. Methods: We performed a retrospective study including of 5,989 subjects (mean age, 53.2 years; men, 57.3%) who underwent bioelectrical impedance analysis (BIA) and abdominal ultrasonography in 2012. The appendicular skeletal muscle mass (ASM) was assessed by BIA method. Sarcopenia was defined as ASM/weight (ASM%) <2 standard deviation of the mean for healthy young reference population. NAFLD was diagnosed by ultrasonography. Results: The prevalence of sarcopenia was 5.3%. The prevalence of NAFLD was significantly higher in subjects with sarcopenia than in those without (69.5% vs. 36.5%, P<0.001). After adjusting with age, sex, visceral fat area, hypertension, diabetes, total and low-density lipoprotein cholesterol, subjects with sarcopenia showed significantly high odds of NAFLD (odds ratio [OR], 1.37; 95% confidence interval [CI], 1.02-1.84; P=0.036). Subjects with sarcopenia have more likely severe grade of NAFLD compared to non-sarcopenic group (OR, 1.58; 95% CI, 1.25-2.00; P<0.001). There was significant interaction for effect modification in the association between sarcopenia and NAFLD by age (P of interaction for effect modification, 0.007). Conclusion: Sarcopenia was significantly associated with the presence and the severity of ultrasonographygraded NAFLD in our study population independent of visceral fatness and other metabolic confounder. Younger age showed greater magnitude of association between sarcopenia and NAFLD.
INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) has becoming the most leading cause of chronic liver disease, with prevalence up to 20%-30% of general population. 1 Even though most of NAFLD follows Skeletal muscle is one of the important target organs of insulin and previous studies have accumulated evidences for a link between sarcopenia and insulin resistance. 10, 11 Based on the shared common pathophysiology of insulin resistance, the association of sarcopenia with NAFLD has been studied and the relevance has been reported in several studies. [12] [13] [14] [15] [16] Recently, not only the presence of NAFLD but also the severity of NAFLD is reported to be associated with sarcopenia. 12, 15 Also, the existence of effect modification by age, sex, and obesity status, etc. in the association between sarcopenia and NALFD has been suggested in previous studies. 16, 17 However, the presence or the characteristics of these effect modifiers in the relationship between sarcopenia and NAFLD have not yet been fully elucidated.
In this study, we aimed to investigate the relationship between sarcopenia and NAFLD and tried to find out whether this relationship differs according to subgroups with different clinical characteristics in health checkup examinees.
METHODS

Study population
In this retrospective study, subjects who underwent bioelectrical analysis between January 2012 and December 2012 during health checkup at Seoul National University Hospital Healthcare System Gangnam Center were consecutively enrolled for this study. Initially, a total of 7,239 subjects were enrolled. Among them, 578 subjects with no abdominal sonography data and four subjects without anthropometric measurement were excluded. We also excluded subjects who had potential cause of chronic liver disease; 268 were positive for the hepatitis B virus, 57 were positive for the hepatitis C virus and 343 with significant alcohol intake ( >20 g/day for males and >10 g/day for females). 18 There was no subjects with pregnancy, cirrhosis or end stage renal disease in this study population.
Finally, 5,989 subjects were analyzed.
This study was approved by the Institutional Review Board of the Seoul National University Hospital (IRB No. 1803-009-924).
Informed consent was waived because researchers only accessed and analyzed de-identified data.
Clinical and laboratory assessments
Each subject completed a past medical history questionnaire and received an anthropometric assessment and laboratory and radio- antigen and antibody to hepatitis C virus. All laboratory tests were carried out using standard laboratory methods.
Anthropometric measurements
Body weight and height were measured using a digital scale, and body mass index (BMI) was calculated as weight (kg)/height square (m 2 ). Waist circumference (WC) was measured at the midpoint between the lower costal margin and the anterior superior iliac crest by a well-trained person using a tape. For assessing body composition, bioelectrical impedance analysis (BIA) was performed using the InBody 720 body composition analyzer (InBody, Seoul, Korea). The subjects were in standing position in 5-10 minutes with their legs slightly separated and the arms slightly abducted from the trunk. The subjects were instructed to hold the handles of the analyzer, for contacting with electrodes in each limb. When the measurements stabilized, it provides impedance for each segment including the trunk and the four limbs by performing multifrequency measurements to estimate the appendicular skeletal muscle mass (ASM).
We used a previously described method to assess the visceral fat area (VFA) on abdominal fat computed tomography (CT) imag- 25 In this study, we referred to grade 0 as normal, grade 1, 2, and 3 as mild, moderate and severe NAFLD, respectively.
Statistical analysis
Continuous variables were expressed as mean ± SD, and categor- These differences in obesity status and body composition resulted in significantly different metabolic profiles; the individuals with sarcopenia had higher prevalence of diabetes mellitus and hypertension, higher blood pressure, and serum levels of AST, ALT, GGT, total triglycerides, LDL-cholesterol, fasting glucose and HbA1c.
The values of ASM% were significantly lower in the sarcopenia group compared to the control group (P< 0.05 for all) ( Table 1) .
Prevalence and severity of NAFLD in sarcopenia
The prevalence of NAFLD was significantly higher in subjects with sarcopenia than in those without (69.5% vs. 36.5%, P< 0.001) ( Table 1) . We stratified subjects into nonobese and obese population based on BMI at baseline. The prevalence of NAFLD in the sarcopenic group was significantly higher than the non-sarcopenic group not only in obese population (sarcopenic vs. non-sarcopenic, 75.3% vs. 62.8%; P< 0.001) but also in non-obese population (42.9%
vs. 27.1%; P= 0.009) (Fig. 1) . We evaluated the US-graded severity of NAFLD according to the quartile of ASM% as well as presence of sarcopenia. Subjects with sarcopenia showed significantly greater severity of NAFLD compared to subjects without sarcopenia (P< 0.001, by linear association). It was also observed that subjects with the lower the ASM%_Q, the greater the severity of NAFLD (P< 0.001, by linear association) (Fig. 2) .
Factors related to ASM% and the presence of NAFLD
A relationship between ASM% and various metabolic parameters were investigated by correlation analysis. ASM% was negatively correlated with age, BMI, WC, VFA, systolic blood pressure, total cholesterol, HDL-cholesterol and LDL-cholesterol. On the other hand, height, weight, diastolic blood pressure and uric acid level showed positive correlation with ASM% (P < 0.001 for all) (Supplementary Table 1 ). Also, we performed univariate analysis to de- Table 2 ).
Independent impact of sarcopenia on the presence of NAFLD
To verify whether sarcopenia has independent effect on the presence of NAFLD, multiple logistic regression analyses were performed (Table 2) . First, the presence of sarcopenia was used as an independent variable. After adjusting with age and sex, subjects with sarco- Table 3 ). Table 4 ).
Stratified analysis in various subgroups
To investigate the presence of effect modifier, we divided sub- Differences between subgroups according to obesity, abdominal obesity and diabetes mellitus were insignificant (P for interaction > 0.05) ( Table 4) .
DISCUSSION
We aimed to verify the implication of sarcopenia in the presence and severity of NAFLD evaluated by US. In our study population, sarcopenia is significantly associated with NAFLD even after adjusting possible confounding factors including visceral adiposity. In addition, sarcopenia independently increased severity of NAFLD.
In the subgroup analysis, risk of NAFLD according to sarcopenia was significantly higher in younger subjects.
Sarcopenia is characterized as loss of skeletal muscle with low muscle strength and/or physical performance 26 and is associated with the increased risk of comorbidity, disability and mortality. 27, 28 The prevalence of sarcopenia varies significantly ranging 5%-13%
in 60-to 70-year-olds, reflecting the differences in study population, the different methods used to define sarcopenia. 28, 29 In this study, we adopted the definition of (ASM/weight × 100), which is modified from the definition by Janssen et al. 20 In the previous studies using Janssen's method performed in Korean elderly sub- , and 9.7% for men and 11.8% for women in over elderly subjects aged 65 years or older. 21 Prevalence of sarcopenia was 5.3% (6.7% in men and 3.3% in women) in our subjects with mean age of 53 years old.
The gold standard for diagnosis of NAFLD requires a liver biopsy for histological analysis. However, it is an invasive method with the risk of rare but sometimes can be fatal complication such as hemorrhage. 30 US is an established modality as a screening tool with a sensitivity of 60%-94% and a specificity of 66%-95% in the diagnosis of fatty liver. 31 Many studies using US to diagnose NAFLD adopted a three point scoring system for fatty liver (mild, moderate and severe) as in our study, based on the ultrasonographic characteristics. 32, 33 Several studies have shown that sarcopenia is associated with NAFLD. 13, 14, 17, 34 In the studies using predictive index or scoring system to diagnose NAFLD 14, 17, 34 , the prevalence of NAFLD was ranged from about 10% to 29%. On the other hand, the prevalence of NAFLD in our study was 38.2% (48.9% in male and 24.0% in female).
The difference in the study population should be considered, but the distinct difference in the prevalence of NAFLD suggests that the sensitivity of noninvasive predictive indices for diagnosing NAFLD might be reduced.
Our findings on the association between sarcopenia and NAFLD are largely consistent with previous studies. Both skeletal muscle index (ASM%) and NAFLD were significantly associated with metabolic parameters such as blood pressure, blood glucose and lipid profile. However, anthropometric parameters such as BMI, WC, and VFA were positively correlated with NAFLD but negatively correlated with muscle index. Therefore, these body fatness indices needed to be adjusted. Considering pathophysiologic relevance with NAFLD, we used VFA as adjustment variable. We also performed sensitivity analysis using BMI instead of VFA, and obtained consistent results (data not shown). Liver enzyme levels were also significantly associated with sarcopenia and NAFLD; however, authors did not consider these as confounders because liver enzymes levels are more likely the outcome than the cause of NAFLD.
The association between sarcopenia and NASH/fibrosis also has been reported. 12, 15, 35 In those studies, advanced liver pathology was estimated by predictive fibrosis indices 12 or diagnosed by liver biopsy. 15, 35 In line with the previous results, sarcopenia independently increased risk of having US-graded severe NAFLD in our study. Even though ultrasonographic diagnosis of NAFLD does not provide reproducible and exact quantitative information, and inaccurate in differentiating fibrosis from steatosis, US-graded severity of NAFLD has been proved to be significantly associated with the risk of metabolic syndrome and subclinical atherosclerosis in previous studies. 36, 37 The relationship between sarcopenia and NAFLD seems to be relatively consistent throughout the studies regardless of which definition or method they used to diagnose sarcopenia or NAFLD/NASH/fibrosis. However, the question whether there is specific subgroups with stronger association between sarcopenia and NAFLD has been less explored. Kim et al. 17 suggested that men ≥ 45 years of age and premenopausal women has stronger association. However, the 45-year-old cutoff was arbitrary and the rationale for this cutoff has not been stated. We subdivided our study participants into tertiles according to age and obtained the odds of associations in individual groups. As a result, it was observed that the ORs were increased toward the lower tertile, unlike the previous study. Similar trend was observed when the same analysis performed in each sex separately (data not shown). The reason of this observation is unclear so far. If a progressive loss in muscle mass and a gain in fat mass, especially in visceral fat mass, is a part of aging process, we can speculate that young-aged subjects with the same degree of body composition without aging may have genetic or lifestyle contributors, possibly insulin resistance, to cause it.
The mechanism of the close link between sarcopenia and NAFLD is not fully investigated. A previous study that had shown a significant association between sarcopenia and insulin resistance in non-obese population 38 , suggests the shared mechanism of insulin resistance. The skeletal muscle is considered as the primary tissue responsible for insulin-mediated glucose disposal and recent epidemiological studies have shown that the insulin resistance and mitochondrial dysfunction may have a specific role on skeletal muscle mass. 29, 39 However, previous studies showed that association between sarcopenia and NAFLD attenuated but persistent even after adjusting insulin resistance implying that there is another mechanism that mediates these two conditions independent of in-sulin resistance. With many missing variables, we did not adjust insulin resistance in our model and was unable to confirm the significant association between sarcopenia and NAFLD independent of insulin resistance. In addition, the impact of chronic, low-grade inflammation on sarcopenia has been suggested. Inflammatory markers such as tumor necrosis factor-alpha and interleukin-6 are observed quite consistently. 40 The advantage of our study is that we performed stratified analysis in subgroups to verify the effect size difference in each subgroup.
Also, we used VFA measured by CT scan which is more precise method than the anthropometric measurement or BIA to estimate visceral fatness. This study also has several limitations. First, BIA and US are not gold standard methods to evaluate muscle mass and fatty liver, respectively. Second, we did not evaluate muscle strength or physical performance, which are components for diagnostic criteria of sarcopenia. Third, cross-sectional design of this study limits to verify causality. Fourth, we had not excluded subjects with malignancy. However, the participants in this study included subjects who visited health check-up center, thus the number of subjects with malignancy will be very small. Fifth, some possible confounding factors (e.g., physical activity, nutritional status, and medications, etc.) that could affect the pathophysiology of NAFLD and sarcopenia were not considered in this study. Lastly, study population in our study, who underwent health check-up based on their own initiative, may not represent the general Korean population.
Sarcopenia was significantly associated with not only the presence but also the severity of US-graded NAFLD in our study population independent of visceral fatness and other metabolic confounder. Younger age showed greater magnitude of association between sarcopenia and NAFLD. Further investigation is needed to confirm the differential association according to age and to verify possible mechanisms.
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